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Novel Schiff base containing antipyrine and o-vanillin has been synthesized and characterized by various 
physicochemical techniques such as FTIR, UV-Vis, CHN, 1Hand 13C NMR spectral studies. The thermal behavior of the 
title compound has been examined with Thermogravimetric-Differential thermal analysis (TG-DTA). The structural 
properties have been further examined by single crystal X-ray diffraction studies. The X-ray diffraction data shows that the 
compound contains four molecules in the asymmetric unit. Antifungal activity of the compound has been carried out for four 
different fungi Aspergillus niger, Aspergillus flavus, Aspergillus terrus and Fusarium Sp at three different concentrations, 
whereas the compound shows significant activity against the fungi Aspergillus niger. 
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Chemists are very much focused on the Schiff base 
derived from nitrogen containing heterocyclic ring 
with carbonyl group as its important special center of 
attraction in many areas like biological, clinical, 
medicinal, analytical and pharmacological fields. 
Among them, 4-amino antipyrine based heterocyclic 
compounds have great importance as it is abundant in 
nature and have wide pharmacological activities
1-24
. 4-
amino antipyrine is continued to attract considerable 
attention from theoretical points concerning the mode 
of binding and their general reactivity as a potential 
ligand
25-33
. Schiff bases of 4-amino antipyrine have an 
advantage as it has two potential donor sites and is 
likely to form three types of compounds with metal 
ions
34
 viz., (i) chelates utilizing both donor atoms, (ii) 
amine salts, using only the amino nitrogen atom and 
(iii) two types of complexes, i.e., coordination only
from the carbonyl oxygen or amine nitrogen atom. 4-
amino antipyrine also has been used for the protection
against oxidative stress as well as prophylactic of
some diseases including cancer, and these are an
important direction in medical applications.
The presence of a methoxy group adjacent to the 
phenolic hydroxyl gives a group of compounds 
isolated from plants called vanilloids, which includes 
substances such as vanillin, eugenol, and capsaicin
35
. 
Vanillin itself has its three isomeric forms such as 
vanillin, o-vanillin, iso-vanillin. Vanillin which is a 
main constituent of vanilla has some properties such 
as antioxidant, antimicrobial, anticarcinogenic, 
antimutagenic and free radical scavenging agents
36-54
. 
Vanillin, when administered orally, has no 
therapeutic effect because it undergoes rapid 
decomposition in the upper digestive tract. But 
vanillin, when combined with amino groups, form 
Schiff bases have a wide range of applications. The 
aldehyde group present in vanillin and the position 
of the substituent group determines the extent of its 
antifungal activity. 
We aim to analyze all the previously determined 
characters of 4-amino antipyrine, and o-vanillin and 
to synthesize the Schiff bases from them. Thus, we 
were motivated to make an attempt to synthesize 
Schiff base and systematic study for the elucidation of 
the structure by various physicochemical techniques 





spectroscopy. The analytical and physicochemical 
techniques confirm the structure of the resulting 
Schiff base. The structural properties were further 
examined by single crystal X-ray diffraction 
studies. The resulting Schiff base also screened for 
antifungal activity. 






Materials and methods 
The melting point of the resulted Schiff base was 
determined with DIGITAL MELTING POINT 
APPARATUS using an open capillary tube with a 
heating rate of 10
o
c/min. FTIR of the sample was 
recorded in the TENSOR 27 spectrometer. TG-DTA 
of the sample was recorded in Thermal Analyzer (SII, 
TG/DTA 6300), 
1
H NMR(400MHz) and 
13
C NMR 
(100MHz) spectra were recorded on a Bruker 
Advance (AC80) instrument in DMSO-d6 using 
tetramethylsilane (TMS) as an internal standard. The 
chemical shift values were recorded in parts per 
million (ppm). The C, H, and N elemental analyses 
were performed using Thermal Finnigan Elemental 
Micro Analyzer. The synthesis of the Schiff base was 
monitored by TLC coated with silica gel. 
 
Structural determination by single crystal X-ray 
diffraction studies 
Single crystal structure data of the resulted  
Schiff base was collected using the X-ray with a 
wavelength of 0.71073Å, at room temperature  
with MoKα radiation using Bruker AXS KAPPA 
APEX-2 diffractometer equipped with graphite 
monochromator
55
. The structure was solved by direct 
methods and refined by full-matrix least-squares 
calculations using SHELXL-2014
 56
. All the H atoms are 
placed geometrically calculated bond distances, viz., -
OH= 0.82Å, -CH = 0.93Å (for aromatic) and –CH 
=0.96Å (for – CH3) constrained to ride on the concerned 
parent atom with Uiso. (H) = 1.2 or 1.5 Ueq (parent atom). 
The crystallographic data, details of data collection and 
the structure refinement are presented in Table I. The 
asymmetric part of the crystal structure consists of four 
units of the compound. 
 
Antifungal studies 
The compound was tested for antifungal activity 
against four representative fungal strains Aspergillus 
niger, Aspergillus flavus, Aspergillus terrus and 
FusariumSp at three different concentrations (10, 20, 
30µl) by well diffusion method
57
. Fluconazole was 
used as a reference drug in terms of minimum 
inhibitory concentration (MIC). 
 
Synthesis of (Z)-4-((2-hydroxy-3-methoxy 
benzylidene)amino)-1,5-dimethyl-2-phenyl-1,2-
dihydro-3H-pyrazole-3-one Schiff base 
Exactly 304mg (2mmole) of o-vanillin in 20ml of 
ethanol, added 406mg (2mmole) of 4-aminoantipyrine 
and refluxed over a water bath for about 3 hours.  
The reaction is monitored by thin-layer chromatography. 
After the completion of the reaction, the resulting 
solution is kept aside without disturbing it. The Schiff 
base was separated as shiny yellow crystals. It was 
filtered, washed with petroleum ether and dried in 
vacuum: Yield 0.582g (86.40%). m.p. 210°C. CHN 
analysis % Obtained(Calculated):C 67.54(67.68), H 












 and 1292 cm
-1
(C-
N); UV-Vis: 275nm (-C=N), 375nm (-OH); 
1
H NMR 
(DMSO-d6): 6.9-7.8 ppm (m, ArH), 2.4 ppm (s, N-
CH3), 3.17 ppm (s, C-CH3), 3.7 ppm (s, O-CH3), 9.9 
ppm (s, CH=N), 13.89 (s, -OH); 
13
C NMR(DMSO-
d6): 10.05, 35.50, 56.01 ppm (t, -CH3), 76.62, 77.05, 
77.47 ppm (t, CDCl3), 148.03 to 150.36 (m, antipyrine 
ring moieties), 113.53 ppm to 134.25 ppm (m, ArC), 
160.14 (C=O), 160.35 ppm (CH=N). 
 
Results and Discussion 
 
TG-DTA 
The thermal stability of the resulted Schiff base 
was studied by simultaneous Thermo-Gravimetric and 
Table I — Crystallographic parameters of the Schiff base 
CCDC No. 
Empirical formula  
1904666 
C19H19N3O3 
Formula weight  337.37 
Temperature  273(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P -1 
Unit cell dimensions 
a = 14.4393(10) Å  = 
89.9930(10)° 
 
b = 15.0796(10) Å  = 
74.8090(10)° 
 
c = 16.6920(11) Å  = 
74.8780(10)° 
Volume 3376.9(4) Å3 
Z 8 
Density (calculated) 1.327 Mg/m3 
Absorption coefficient 0.092 mm−1 
F(000) 1424 
Crystal size 0.24  0.19  0.16 mm3 
Theta range for data collection 1.267 to 25.00°. 
Index ranges 
-17  h  17, -17  k  17, -19  
l  19 
Reflections collected 33901 
Independent reflections 11868 [R(int) = 0.0227] 
Completeness to theta = 25.242° 97.30% 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 11868 / 0 / 917 
Goodness-of-fit on F2 1.019 
Final R indices [I>2sigma(I)] R1 = 0.0395, wR2 = 0.1173 
R indices (all data) R1 = 0.0725, wR2 = 0.1535 
Largest diff. peak and hole 0.249 and -0.194 e.Å-3 
 




Differential thermal analysis (TG-DTA) technique 
between 0-600
o
C at a heating rate of 2
o
C/min in the 
nitrogen atmosphere using Thermal Analyzer (SII, 
TG/DTA 6300). Figure 1 represents the thermal 
properties of Schiff base crystal carried out by TG-
DTA. The DTA thermograph of the resulted Schiff 
base shows an endothermic peak at 208.3
o
C which 
can be attributed to the melting point of the compound 
and the compound is stable up to 274.4
o
C, and above 
this temperature, steady and gradual weight loss is 
noticed. Therefore it can be claimed that the title 
compound decomposes after melting. About 46% of 





C. Beyond the 
temperature 309.6
o
C, there is a slow decomposition of 
the compound up to 590
o
C leaving 53.2% as residue. 





NMR and TG-DTA and 
CHN analysis, the structure of the compound is given 
in Figure 2. 
 
Single crystal XRD studies 
The compound was crystallized from a solvent 
evaporation solution growth technique. Block type 
single crystals suitable for X-ray diffraction were used 
for the X-ray diffraction studies. The crystallographic 
data collection, using the X-ray with a wavelength of 
0.71073Å, was collected at room temperature  
with MoKα radiation using Bruker AXS KAPPA 




The structure was solved by direct methods and 
refined by full-matrix least-squares calculations using 
SHELXL-2014
 56
. All the H atoms are placed 
geometrically calculated bond distances, viz., -OH= 
0.82Å, -CH = 0.93Å(for aromatic) and –CH =0.96Å 
(for –CH3 ) constrained to ride on the concerned 
parent atom with Uiso. (H) = 1.2 or 1.5 Ueq (parent 
atom). The crystallographic data, details of data 
collection and the structure refinement are presented 
in Table I. The asymmetric part of the crystal 
structure consists of four units of the compound. The 
ORTEP view of the four asymmetric units of the 
crystal structure plotted at 50% probability thermal 
displacement ellipsoids with the atom numbering 




Molecular Geometry and crystal packing 
The compound crystallized with four molecules in 
the asymmetric part and eight molecules in the 
centrosymmetric triclinic unit cell. The phenyl and 
substituted phenyl rings are oriented with an average 
angle of 62.6°
 55
 to each other in all the molecules in 
the unit cell. Five membered rings are almost parallel 
between the molecules in the unit cell. The compound 
features classical and non-classical hydrogen bonds 
that stabilize the crystal structure. The non-covalent 
interactions are specially studied around the world for 
molecular conformations and other physicochemical 
properties. The classical O-H…N and non-classical 
C-H…O interactions lead to two self–associated S(6) 
motif. These self-associated motifs are formed 
through intramolecular interaction. The hydrogen 
bonding dimensions are listed in Table II and the 
packing arrangement of molecules is depicted in 
Figure 4. Further, the supramolecular assembly is 
achieved through ring R2
1
(7) motifs in the lattice
59
. 
These motifs are alternately arranged and connected 
along the b-axis of the unit cell forming an infinite 
chain extending along the b-axis. These chain and 
ring motifs are stacked at z = 0 and 1 making the 
region as the hydrophilic region and the z = 1/2 is 
observed to hydrophobic region. This hydrophobic 
region is stabilized through C-H... interactions. 
Alternate hydrophilic and hydrophobic layers are 
commonly occurring in many hydrogen bonded 
 
 




Figure 2 — The structure of the resultant Schiff base 




molecular assemblies which are responding to many 
unique properties of the material. 
Intermolecular interactions, especially classical and 
non-classical hydrogen bonds, are playing a crucial 
role in the formation of crystalline solids and their 
physicochemical properties. These hydrogen bonding 
interactions are useful in comparing the stability of 
molecular conformations and crystalline lattices 
between similar molecules
59
. The crystal packing is 
stabilized through classical O-H…O hydrogen bond, 
non-classical C-H...O, C-H…hydrogen bonds, and 
- interactions. Interestingly, the classical O-H…O 
hydrogen bond connects the molecules along the a-
axis of the unit cell in a zig-zag fashion in Figure 5. 
 
Antifungal activity 
The Antifungal activity of the Schiff base ligand 
was evaluated using the Well diffusion method. The 
fungal spores (Aspergillus niger, Aspergillus flavus, 
Aspergillus terrus and Fusarium Sp) were grown on 
 
 
Figure 3 — a,b,c,dMolecular structures of the four asymmetric units present in the compound with 50% probability thermal displacement 
ellipsoids 
 
Table II — Hydrogen bonding geometry in the Schiff base crystal 
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
O(11)-H(11)...N(4) 0.82 1.86 2.585(3) 147 
 C(26)-H(26)...O(12) 0.93 2.4 3.057(3) 128 
 C(30)-H(30A)...O(18)#1 0.96 2.61 3.556(4) 167 
 C(29)-H(29A)...O(16)#2 0.96 2.66 3.464(4) 142 
 C(29)-H(29B)...O(18)#1 0.96 2.33 3.204(4) 151 
 O(17)-H(17)...N(1) 0.82 1.86 2.589(3) 147 
 C(8)-H(8)...O(18) 0.93 2.39 3.057(3) 128 
 C(12)-H(12A)...O(10)#2 0.96 2.53 3.457(4) 163 
 C(12)-H(12B)...O(12) 0.96 2.47 3.203(4) 133 
 C(13)-H(13A)...O(12) 0.96 2.61 3.554(4) 168 
 O(8)-H(8A)...N(7) 0.82 1.86 2.586(3) 147 
 C(46)-H(46)...O(9) 0.93 2.4 3.058(3) 128 
 C(51)-H(51A)...O(15) 0.96 2.61 3.553(4) 168 
 C(50)-H(50A)...O(13)#3 0.96 2.53 3.458(4) 164 
 C(50)-H(50B)...O(15) 0.96 2.48 3.202(4) 132 
 O(14)-H(14)...N(10) 0.82 1.86 2.585(3) 147 
 C(65)-H(65)...O(15) 0.93 2.4 3.057(3) 128 
 C(68)-H(68A)...O(7)#3 0.96 2.64 3.461(4) 144 
 C(68)-H(68B)...O(9)#1 0.96 2.34 3.203(3) 149 
 C(70)-H(70A)...O(9)#1 0.96 2.61 3.556(4) 168 
Symmetry transformations used to generate equivalent atoms: #1 x,y+1,z #2 -x+2,-y+1,-z+1 #3 -x,-y+1,-z 
 




potato dextrose broth (pH 5.0). The diluted fungal 
spores were (100µl) uniformly spread on Malt extract 
agar plate. After 2 to 3 minutes wells were made on 
the plate using a sterile cork borer (10mm). To the 
well 10µl to 30µl of the samples were added with 
negative control (chloroform) and the standard drug 
as a positive control (Fluconazole 10mg/ml). The 
plates were incubated at 30
o
C for 48hrs. The zone of 
inhibition was calculated and given in Table III. 
 
Conclusion 
The reported work is concerned with the synthesis, 
spectral characterization, crystal structure, and 
antifungal activity of the resulted Schiff base (Z)-4-
((2-hydroxy-3-methoxy benzylidene)amino)-1,5-
dimethyl-2-phenyl-1,2-dihydro-3H-pyrazole-3-one. 
The resulted compound crystallizes in the triclinic 
crystal system. The classical O-H…N, non-classical 
C-H…O interactions, and C-H…π interactions help to 
stabilize the crystal structure of the Schiff base. The 
antifungal activity of the Schiff base was screened 
with four representative fungal strains Aspergillus 
niger, Aspergillus flavus, Aspergillus terrus and 
Fusarium Sp at three different concentrations (10, 20, 
30µl) and the Aspergillus nigeris found to be a 
comparable activity like the standard drug 
Fluconazole at 30 µl. 
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